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712 The Journal of Thoracic and CardioObjective: Hypothermic circulatory arrest has been an important tool in aortic arch
surgery, even though its use has recently been discussed controversially. We sought
to clarify the role of hypothermic circulatory arrest as a risk factor for mortality and
neurologic morbidity in aortic surgery by using a propensity score–matching anal-
ysis.
Methods: Five hundred eleven patients (60  13 years, 349 male patients) who
underwent replacement of the ascending aorta with (n  273) or without (n  238)
arch involvement were analyzed by means of multivariate analysis. Using propen-
sity score matching, we identified comparable patient groups: HCA() group and
HCA() group (n  110 each). For aortic arch replacement, hypothermic circula-
tory arrest was used with a mean duration of 14  9 minutes: 12  7 minutes or 26
 8 minutes for partial or total arch replacement, respectively.
Results: In the entire cohort multivariate analysis identified acute dissection and
duration of cardiopulmonary bypass as significant predictors for hospital death.
Predictors for stroke were acute dissection, diabetes mellitus, peripheral arterial
disease, and concomitant mitral valve surgery, and predictors for temporary neuro-
logic dysfunction were peripheral arterial disease and age. After propensity score
matching, the incidence of death (HCA[]: 0.9% vs HCA[]: 2.7%), stroke (0% vs
1.8%, respectively), and temporary neurologic dysfunction (15.5% vs 13.6%, re-
spectively) was comparable between the 2 groups. Multivariate analysis identified
age, diabetes mellitus, peripheral arterial disease, and concomitant coronary artery
bypass grafting as the independent risk factors for temporary neurologic dysfunc-
tion.
Conclusions: In a standard clinical setting (hypothermic circulatory arrest of 30
minutes and nasopharyngeal temperature of 20°C), hypothermic circulatory arrest
constitutes no significant risk for mortality or neurologic morbidity and thus appears
clinically safe. Patient-related risk factors primarily determine clinical outcome.
Neurologic morbidity is known to occur after hypothermic circulatory arrest(HCA) and can roughly be classified into 2 types: permanent neurologicdeficit or stroke and temporary neurologic dysfunction (TND).1 The former
is thought to be primarily the consequence of embolic events, and the latter has been
related to suboptimal brain protection during HCA (ie, cerebral hypoxia). TND has
been found to correlate with the duration of HCA.2 Some form of antegrade cerebral
perfusion during arch repair has increasingly been advocated to minimize the
incidence of both transient and permanent neurologic impairment.3-5 Antegrade
perfusion, however, might increase the incidence of embolism, and it clearly
prolongs the time required for arch replacement or repair.3-5
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PStroke6 and TND,7 on the other hand, are known to occur
after conventional cardiac surgery with or without cardio-
pulmonary bypass (CPB). It has been speculated that CPB,
manipulation of an atheromatous ascending aorta,8 air em-
bolism,9 or carotid artery stenosis–atherosclerosis10 are re-
sponsible for these neurologic complications.6
We speculate that a limited period of HCA (30 min-
utes) might not be a relevant causative risk factor for neu-
rologic morbidity in aortic surgery. In this retrospective
clinical investigation, we sought to clarify the relative roles
of HCA versus patient-related risk factors for mortality or
neurologic morbidity, such as stroke and TND, in aortic
surgery. To generate comparable groups, we studied pa-
tients who underwent arch replacement with HCA and
compared them with patients who underwent ascending
aortic replacement on continuous CPB. In addition, we used
a propensity score–matching analysis to minimize selection
bias between the 2 groups.
Materials and Methods
Patient Profile
A total of 511 patients who underwent replacement of the ascend-
ing aorta with (n  273) or without (n  238) arch involvement
were entered into this retrospective study. The patients had been
treated consecutively for proximal aortic disease (aneurysm or
dissection) at the University Hospital Homburg between 1995 and
2004. Individuals who were treated with replacement of a calcified
nondilated or dissected aorta were excluded. All documentation in
the patient charts served as a database. There were 349 male and
162 female patients, and patient age ranged from 17 to 83 years
(mean, 60  13 years). Concomitant cardiac operations were
necessary in 424 (83%) patients: aortic valve or root repair-
replacement in 396 (77%), coronary artery bypass grafting
TABLE 1. Baseline characteristics
Entire study sam
Overall HCA() H
N 511 238
Sex (male) 349 (68%) 185 (78%) 16
Age (y) 60 13 57 13 62
Emergency operation for acute
dissection
105 (21%) 0 (0%) 10
Smoking history 168 (33%) 87 (37%) 8
Hypertension 356 (70%) 156 (66%) 20
Hyperlipidemia (cholesterol
200 mg/dL)
138 (27%) 68 (29%) 7
Diabetes mellitus 53 (10%) 21 (9%) 3
Ischemic heart disease 196 (38%) 91 (38%) 10
Carotid artery stenosis (50%) 10 (3%) 4 (2%)
Peripheral arterial disease 30 (6%) 14 (6%) 1
Cerebrovascular disease 50 (10%) 17 (7%) 3
HCA, Hypothermic circulatory arrest; NA, not applicable.(CABG) in 122 (24%), and mitral valve repair-replacement in 16
The Journal of Thoraci(3%). Emergency operations for acute aortic dissection were per-
formed in 105 (21%) patients.
The patients were divided into 2 groups according to the use
of HCA during the operation: the HCA() group and the
HCA() group. In the HCA() group there were significantly
more male patients, and patients were younger (Table 1). The
incidence of concomitant aortic valve-root operation and arte-
rial perfusion through the femoral artery was less, and there
were no emergency operations for acute aortic dissection. Other
cardiac risk factors were almost comparable between the groups
(Tables 1 and 2).
Initially, the whole patient population was analyzed in multi-
variate fashion by using logistic regression to determine predictors
of death, stroke, and TND.
Matched Risk Factor Analysis
In view of the marked and significant differences in patient char-
acteristics between the groups, patient matching seemed necessary
to evaluate the pure effect of HCA on mortality and postoperative
neurologic morbidity. To compensate for the differences in this
retrospective nonrandomized study, we used a propensity score–
matching analysis.
By using logistic regression, the probability of being assigned
to HCA over continuous perfusion was calculated from baseline
and perioperative characteristics. Then a P value of less than .20
was defined for selecting variables for entry into the final model.
Selected variables were as follows: sex, age, smoking, hyperten-
sion, acute dissection, cerebrovascular disease, retrograde arterial
perfusion, duration of CPB, and aortic valve-root operation. By
using these covariables, a propensity score was calculated for each
patient. Finally, each patient who underwent HCA was matched to
one patient who underwent no HCA with the closest propensity
score. The maximum difference of propensity score for a match
was less than .015. By using this novel technique, comparable
Propensity-matched pairs
) P value Overall HCA() HCA() P value
220 110 110
) .0001 150 (68%) 74 (67%) 76 (69%) .7722
2 .0001 63 11 62 11 63  11 .7277
) .0001 0 0 0 NA
) .0984 80 (36%) 36 (33%) 44 (40%) .2622
) .0585 166 (75%) 82 (75%) 84 (76%) .7540
) .4567 72 (33%) 40 (36%) 32 (29%) .2504
) .2838 25 (11%) 12 (11%) 13 (12%) .8318
) .9582 99 (45%) 56 (51%) 43 (39%) .0781
) .7744 3 (2%) 2 (2%) 1 (1%) .6185
) .9918 19 (9%) 11 (10%) 8 (7%) .4715
) .0605 28 (13%) 12 (11%) 16 (15%) .4184ple
CA(
273
4 (60%
 1
5 (38%
1 (30%
0 (73%
0 (26%
2 (12%
5 (38%
6 (3%
6 (6%
3 (12%patient groups, 110 patients from each group, were identified for
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CSPfinal analysis. Baseline characteristics of propensity-matched pairs
were almost identical (Table 1).
Anesthesia and CPB
All patients received general anesthesia through standard contin-
uous intravenous administration of propofol and sufentanil. No
barbiturates or steroids were administered, and cerebral protection
included topical cooling of the head with ice during HCA.
A nonheparin-coated circuit (Raumedic; Rehau AGCo, Re-
hau, Germany), a roller pump (Stöckert Instrumente GmbH,
München, Germany), a membrane oxygenator (Quadrox; Jostra
Medizintechnik GmbH and Co KG, Hirrlingen, Germany), and an
arterial filter (Quart, 40-m pore size; Jostra Medizintechnik
GmbH and Co KG) were used for CPB. The CPB system was set
up as a closed system and primed mainly with lactated Ringer
solution. A cell saver (C.A.T.S; Fresenius AG, Bad Homburg,
Germany) was used for reprocessing of shed blood. Alpha-stat
strategy was applied during CPB. Patients undergoing arch re-
placement were placed in the head-down position during HCA to
avoid cerebral embolism.
Operative Technique
All operations were performed through a median sternotomy. For
patients with chronic dissection or stable aneurysm, CPB was
established between an ascending aortic cannula and a single
venous cannula. For patients with acute dissection, the left femoral
artery was used for cannulation until May 2001; after that time, the
right axillary artery was used for arterial inflow to minimize the
risk of retrograde embolism or malperfusion. During core cooling,
the ascending aorta was crossclamped, and blood cardioplegia was
administered directly into the coronary ostia. For patients without
need of arch replacement, the operations were performed at a rectal
temperature of 32°C to 33°C. For patients with arch involvement,
TABLE 2. Concomitant operations, perfusion data, and pos
Entire study samp
Overall HCA() H
N 511 238
Concomitant operation 424 (83%) 225 (95%) 199
Aortic valve-root operation 396 (77%) 221 (93%) 175
Coronary artery bypass grafting 122 (24%) 62 (6%) 60
Mitral valve operation 16 (3%) 8 (3%) 8
Retrograde arterial perfusion 76 (15%) 3 (1%) 73
Duration of CPB (min) 125 52 113 48 135
Duration of AXC (min) 80 38 79 46 80
Duration of HCA (min) NA 18
Re-exploration for bleeding 44 (9%) 10 (4%) 34
Duration of mechanical
ventilation (d)
1.5  4.6 1.0 4.4 1.9
Duration of ICU stay (d) 3.3 5.1 2.4 4.0 4.1
Hospital death 32 (6.3%) 9 (3.8%) 23
Stroke 19 (3.7%) 6 (2.5%) 13
TND 66 (12.9%) 22 (9.2%) 44
HCA, Hypothermic circulatory arrest; CPB, cardiopulmonary bypass; AX
dysfunction.proximal procedures (aortic or mitral valve repair-replacement or
714 The Journal of Thoracic and Cardiovascular Surgery ● SeptCABG) were performed during core cooling. When the nasopha-
ryngeal temperature reached 18°C to 20°C, the patients were
placed in the head-down position, and the aortic crossclamp was
removed for HCA. Hypothermic arrest was used for partial (n 
205) or total (n  68) arch replacement, and it was combined with
a brief period of retrograde cerebral perfusion to flush out athero-
sclerotic debris in 6 cases. The mean duration of HCA was 15 
8 minutes for partial and 28  10 minutes for total arch replace-
ment. In 110 patients selected for propensity score matching, the
mean duration of HCA was 12  7 minutes for partial (n  92)
and 26  8 minutes for total (n  18) arch replacement. The
lowest nasopharyngeal temperature was 18°C  1°C. A single
anastomosis between the graft and the arch was created for partial
arch replacement. When total aortic arch replacement was re-
quired, an anastomosis was created between the graft and the
descending aorta. The ostia of the 3 arch vessels were connected to
the arch prosthesis in an en bloc technique. Gelatin-resorcin-
formalin glue (Fii, Saint-Just-Malmont, France) was used to reap-
proximate distal aortic wall layers in patients with acute dissection.
After completion of the arch anastomosis, the prosthesis was
cannulated directly, and whole-body circulation resumed in an
antegrade fashion. If an axillary arterial cannula had been inserted
initially, this was used also for inflow during rewarming.
The remaining procedures were completed during rewarming.
After careful deairing, the crossclamp was removed, and the pa-
tient was weaned from CPB after sufficient rewarming (rectal
temperature, 34°C). Two mediastinal tubes were placed, and the
chest was closed in standard fashion.
Neurologic Outcome
According to the report by Ergin and associates,1 we defined TND
as the occurrence of at least one of the following symptoms:
postoperative confusion, agitation, delirium, prolonged obtunda-
rative morbidity-mortality
Propensity-matched pairs
) P value Overall HCA() HCA() P value
220 110 110
) .0001 199 (90%) 100 (91%) 99 (90%) .8185
) .0001 192 (87%) 96 (87%) 96 (87%) NA
) .2814 70 (32%) 40 (36%) 30 (27%) .1478
.7802 8 (4%) 4 (4%) 4 (4%) N.A.
) .0001 5 (2%) 3 (3%) 2 (2%) .6510
3 .0001 123 44 124 54 123 32 .9199
1 .6663 81 27 81 28 81 25 .9343
0 NA NA 14  9 NA
) .0009 12 (5%) 5 (4%) 7 (6%) .5534
.7 .0237 1.0 1.9 0.8 2.0 1.1 1.9 .2634
.9 .0002 2.7 2.6 2.4 2.2 3.0 2.9 .0583
) .0307 4 (1.8%) 3 (2.7%) 1 (0.9%) .3129
) .1817 2 (0.9%) 2 (1.8%) 0 .1554
%) .0208 32 (14.5%) 15 (13.6%) 17 (15.5%) .7021
ortic crossclamp; ICU, intensive care unit; TND, temporary neurologictope
le
CA(
273
(73%
(64%
(22%
(3%)
(27%
 5
 3
 1
(12%
 4
 5
(8.4%
(4.8%
(16.1
C, ation, or transient parkinsonism without obvious neurologic deficit.
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PStroke was defined as the presence of transient or permanent focal
neurologic deficit that was confirmed by means of computed
tomographic scans as new defects.
Statistical Analysis
All values are expressed as means standard deviation. Statistical
analysis was performed with the StatView 5.0 program (SAS
Institute Inc, Cary, NC). The Student t test was used for compar-
ison of the continuous variables, and the 2 test was used for
comparison of frequencies between the groups.
Results
Analysis of the Entire Patient Population
In the entire cohort the mean duration of CPB was signifi-
cantly longer in the HCA() group than in the HCA()
group, and myocardial ischemic time was almost identical.
In the HCA() group the incidence of re-exploration for
bleeding was significantly higher, and the mean duration
of both mechanical ventilation and intensive care unit
stay was also significantly longer than in the HCA()
group (Table 2).
Postoperative overall hospital mortality was 6.3% (3.4%
after elective operations). Postoperative TND was seen in
66 (12.9%) patients, and 19 (3.7%) patients had a stroke.
TABLE 3. Multivariate logistic regression analysis to ident
neurologic dysfunction in the entire study sample
Hospital death
P value OR 95% CI
Acute dissection .0077 7.084 1.678-29.89
Duration of CPB .0004 1.013 1.006-1.020
Diabetes mellitus
Peripheral arterial disease
Concomitant mitral valve surgery
Age
TND, Temporary neurologic dysfunction; OR, odds ratio; CPB, cardiopulm
TABLE 4. Comparison of perfusion data and postoperative
gency versus elective operations in the entire study popu
Overall
N 511
Duration of CPB (min) 125 52
Duration of AXC (min) 80 38
Duration of HCA (min) 18 10
Re-exploration for bleeding 44 (9%)
Duration of mechanical ventilation (d) 1.5 4.6
Duration of ICU stay (d) 3.3 5.1
Hospital death 32 (6.3%)
Stroke 19 (3.7%)
TND 66 (12.9%)
CPB, Cardiopulmonary bypass; AXC, aortic crossclamp; HCA, hypother
dysfunction.
The Journal of ThoraciThe incidence of hospital death (8.4% vs 3.8%, P  .0307)
and TND (16.1% vs 9.2%, P  .0208) was significantly
higher in the HCA() group than in the HCA() group.
More strokes occurred in the HCA() group (Table 2), but
the difference was not significant (4.8% vs 2.5%, P 
.1817).
Multivariate logistic regression analysis identified acute
dissection and duration of CPB as significant independent
predictors for hospital death. Acute dissection, diabetes
mellitus, peripheral arterial disease, and concomitant mitral
valve surgery were also identified as significant independent
predictors for stroke. Peripheral arterial disease and in-
creased age were also identified as significant independent
predictors for TND (Table 3).
Emergency operation for acute aortic dissection was a
strong risk factor for both mortality and stroke, and all of
these patients were included in the HCA() group. Com-
pared with elective procedures, emergency procedures were
associated with longer duration of CPB and HCA, mechan-
ical ventilation, and intensive care unit stay. The incidence
of re-exploration for bleeding, stroke, and mortality was
also significantly higher in patients who underwent emer-
gency operations (Table 4).
dependent predictors for mortality, stroke, and temporary
Stroke TND
value OR 95% CI P value OR 95% CI
.0001 25.946 5.855-114.979
.0210 4.500 1.254-16.147
.0053 7.979 1.853-34.359 .0027 4.848 1.727-13.604
.0001 41.416 8.794-195.057
.0221 1.068 1.010-1.130
bypass.
rbidity-mortality between patients who underwent emer-
n
Acute dissection Nondissection P value
105 (21%) 406 (79%)
151 68 118 45 .0001
85 35 78 39 .1252
21 10 16 10 .0001
20 (19%) 24 (6%) .0001
3.4 7.2 1.0 3.5 .0001
5.7 8.1 2.7 3.8 .0001
18 (17.1%) 14 (3.4%) .0001
11 (10.5%) 8 (2.0%) .0001
19 (18.1%) 47 (11.6%) .0758
irculatory arrest; ICU, intensive care unit; TND, temporary neurologicify in
P
9 
mo
latio
mic cc and Cardiovascular Surgery ● Volume 130, Number 3 715
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In propensity-matched pairs both intraoperative and postop-
erative data were almost identical between the groups (Ta-
ble 2). No patients with acute dissection were included in
the matched groups. Only one hospital death (0.9%) and no
strokes developed in the HCA() group, whereas 3 (2.7%)
hospital deaths and 2 (1.8%) strokes were observed in the
HCA() group. TND was identified in 17 (15.5%) patients
in the HCA() group and 15 (13.6%) patients in the
HCA() group.
Because operative mortality and the incidence of stroke
were too low for statistical analysis, logistic regression
analysis was performed to identify predictive factors for
TND. Both univariate and multivariate analysis identified
age, diabetes mellitus, peripheral arterial disease, and con-
comitant CABG as significant independent risk factors for
TND (Table 5).
In 110 patients in the HCA() group selected for pro-
pensity score matching, the duration of HCA was not a
significant independent predictor for TND (P .4414; odds
ratio, 1.021; 95% CI, 0.968-1.077). In 17 patients who had
TND, the mean duration of HCA was 16  10 minutes,
whereas it was 14  9 minutes in 93 patients without
postoperative TND. This difference was not significant (P
 .4423). The proportion of total arch replacement was not
significantly different between patients who had TND (1/17
[6%]) and those who did not (17/93 [18%], P  .2039).
Discussion
Although HCA has played a central role in the development
of surgical strategies to repair the aortic arch, it has
recently been the subject of controversial discussion.
Neurologic complications of aortic surgery have gained
increasing attention, and some surgeons have believed
that stroke and TND were mainly caused by hypoxia as
part of HCA.1,2,11-13 An increasing number of publications
have propagated3-6,11,14,15 retrograde or antegrade perfusion
TABLE 5. Univariate and multivariate logistic regression
neurologic dysfunction in the propensity-matched patients
Incidence of TND
Age (y) Yes 70 5
No 61 11
Diabetes mellitus Yes 9/25 (36%)
No 23/195 (12%)
Peripheral arterial disease Yes 9/19 (47%)
No 23/201 (11%)
Concomitant CABG Yes 20/70 (29%)
No 12/150 (8%)
TND, Temporary neurologic dysfunction; OR, odds ratio; CABG, coronaryto provide additional cerebral blood flow. Most studies,
716 The Journal of Thoracic and Cardiovascular Surgery ● Septhowever, were simply based on a retrospective analysis of
operations performed in nonrandomized fashion with his-
torical control groups. Therefore selection bias was possible
between the study and control groups.
A reasonable control group must be used that includes,
apart from circulatory arrest, a comparable prevalence of
risk factors for stroke or TND to analyze the true effect
of HCA on cerebral function. Embolism of air, calcium,
or atherosclerotic debris might result in stroke indepen-
dent of circulatory arrest. TND might occur without
interruption of cerebral blood supply and is a well-recog-
nized complication of major cardiac operations.7 Thus there
are multiple potential risk factors for neurologic complica-
tions, particularly in cardiac surgery. This is emphasized by
the fact that the risk of stroke in aortic valve replacement
and coronary surgery ranges from about 1.5% to more than
3%,16 and TND is seen in as many as 34% to 69% of
patients in the early postoperative phase.17-20 Published risk
factors for stroke have been identified as age of 70 years or
older, diabetes, and previous cerebrovascular accident.21-23
Older age also has been found to be a predictor of TND.19
The findings in the initial analysis emphasize the impor-
tant influence of underlying disease on outcome. Emer-
gency operations for acute dissection greatly influenced
both hospital mortality and the incidence of stroke. This
finding is consistent with other reports, regardless of ad-
juncts with HCA2,12,24 or antegrade cerebral perfusion,2,3,24
perhaps because acute dissection might promote inflamma-
tory cascade25 and internal opiate that will be deleterious to
ischemia-reperfusion injury in the central nervous system
during aortic surgery. A more important reason might be
malperfusion of the arch vessels when they are involved
with dissection and the true lumen is compressed by the
false lumen.26
Any investigation focusing on the possible detrimental
effects of circulatory arrest must take other potential risk
ysis to identify the independent predictors for temporary
Univariate Multivariate
P value P value OR 95% CI
.0001 .0073 1.100 1.026-1.179
.0039 .0175 3.416 1.240-9.411
.0003 .0141 3.940 1.318-11.777
.0001 .0162 2.850 1.213-6.696
bypass grafting.analfactors into consideration. Because a prospective random-
ember 2005
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Pized investigation is difficult to generate, a matched analysis
seems a reasonable substitute. To maximize the information
content in dealing with heterogeneous patient populations, a
propensity score–based matched analysis appears to be a
good solution. The study and the control group should
include similar diagnosis and comorbidity. To achieve this,
we chose patients with ascending aortic replacement with-
out interruption of cerebral blood flow as control subjects.
A propensity score–matching analysis27,28 was used to
eliminate selection bias and to evaluate the pure effect of
HCA on adverse outcome. Our propensity score–matching
groups included the known risk factors (age, diabetes mel-
litus, previous stroke, and hypertension) almost equally,
therefore allowing the assumption that the pure effect of use
of HCA on postoperative stroke and TND could be evalu-
ated in the current study. Patient-related risk factors, such as
older age, diabetes mellitus, and atherosclerosis (peripheral
and coronary artery), seemed to determine the operative
outcome primarily. Our finding that older age was an inde-
pendent predictor of TND is consistent with findings re-
ported by Newman and colleagues.19
The most important finding was that the duration of HCA
did not influence the incidence of TND at all, even in our
strictly selected patients, which is inconsistent with findings
reported by others.1,2,12 In all 3 investigations, the duration
of HCA was a significant predictor of stroke or TND both
by means of univariate and multivariate analysis. A possible
explanation for the difference might be the fact that HCA
time exceeded 30 minutes in only 39 (14%) and 40 minutes
in only 7 (2.6%) of our patients. In the matched group HCA
exceeded 30 minutes in only 8 (7.3%) and 40 minutes in
only 2 (1.8%) of 110 patients. In addition, the previous
publications1,2,12 included patients with acute dissection,
which might have influenced the results. Dissection was
completely eliminated by the propensity score matching. A
propensity score–matching analysis seems necessary under
such circumstances to provide a pure evaluation of the
influence of variables by excluding selection bias.27,28
Increasing experimental and clinical evidence has sug-
gested that the safety limit of HCA might be approximately
30 to 40 minutes at 20°C,4,11,13 whereas others have pre-
sumed that this interval might be shorter.29 More profound
hypothermia to secure more sufficient time for reconstruc-
tion will be associated with longer duration of CPB and a
higher risk of postoperative bleeding.11 The range of HCA
of 8 to less than 30 minutes at 18°C 1°C in most instances
for our patients seems reasonable and still allows some
safety margin in cerebral ischemic tolerance. Within this
range, the duration of HCA did not affect the incidence of
TND at all. This concept seems in agreement with the
current individualized methods of brain protection advo-
cated by many experts.4
The Journal of ThoraciCurrently, continuous perfusion to the brain, regardless
of antegrade or retrograde status, seems to be preferred by
many surgeons over HCA alone.11 Nevertheless, we have
consistently used HCA for brain protection for several rea-
sons. First, HCA provides a completely bloodless field that
allows the surgeon to perform an ideal anastomosis. Second,
in ascending aorta–proximal arch replacement, HCA allows
for elimination of clamp-compromised tissue. Third, HCA
avoids manipulation of aortic arch vessels, such as place-
ment of perfusion catheters, which are routinely used for
antegrade brain perfusion and can lead to embolism or
intimal injury of aortic arch branches. Finally, HCA is an
unquestionably simple and economic adjunct that has facil-
itated the operation in our hands without increasing operat-
ing times.1,12,24 When the possibility of embolism of debris
from an atheromatous aortic arch is anticipated, a brief
period of retrograde cerebral perfusion can be used in com-
bination with HCA, as we did in 6 cases.14 Maybe the
second and third reason for our choice of HCA would be
that no stroke was seen in the HCA() group, whereas 2
(1.8%) patients in the HCA() group had stroke in propen-
sity score–matching analysis.
The interpretation of our results must consider inherent
limitations of the study. First, the core temperature at which
operations were performed was not identical between
groups. Normothermic CPB alone is associated with in-
creased blood-brain barrier permeability and thereby brain
edema, which can be a possible mechanism of TND.30 On
the other hand, Plourde and colleagues31 demonstrated that
temperature during CPB (28°C vs 36°C) did not influence
postoperative cognitive function. Second, the differences in
patient distribution between the 2 groups were largely elim-
inated by a propensity score–matching analysis, but a resid-
ual bias might still exist. Third, the current study was not a
prospective randomized study but a retrospective nonran-
domized study. Thus our results warrant confirmation by
larger prospective randomized clinical trials in an ideal
setting.
Conclusions
In a standard clinical setting (HCA of 30 minutes and a
nasopharyngeal temperature of20°C), HCA does not con-
stitute a significant risk for mortality or neurologic morbid-
ity and appears to be clinically safe. Patient-related risk
factors primarily determine clinical outcome.
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